The present study investigated whether an intervention aimed to increase cognitive ability in older adults also changes the personality trait of openness to experience. Older adults completed a 16-week program in inductive reasoning training supplemented by weekly crossword and Sudoku puzzles. Changes in openness to experience were modeled across four assessments over 30 weeks using latent growth curve models. Results indicate that participants in the intervention condition increased in the trait of openness compared with a waitlist control group. The study is one of the first to demonstrate that personality traits can change through nonpsychopharmocological interventions.
A number of social, physical, and psychological changes occur during older adulthood. Aging is associated with declines in fluid cognitive abilities, such as processing speed, working memory, and inductive reasoning (Singer, Verhaeghen, Ghisletta, Lindenberger, & Baltes, 2003) . Moreover, changes in personality traits also occur in older adulthood, especially in the trait of openness to experience (Roberts, Walton, & Viechtbauer, 2006) . Openness to experience reflects a tendency to actively seek out new and cognitively challenging experiences, to ponder ideas, to think creatively, and to enjoy intellectual pursuits (McCrae & Sutin, 2008) . Like cognitive ability, openness to experience declines in old age (Allemand, Zimprich, & Hertzog, 2007; Donnellan & Lucas, 2008; Mroczek & Spiro, 2003; Small et al., 2003) .
Declines in cognitive ability are appropriately perceived as a problem for positive aging, a perspective supported by the epidemiological research showing that cognitive ability is a consistent predictor of health and mortality (Deary, Whiteman, & Starr, 2004) . Interestingly, openness to experience plays a similar role in health and mortality (Goodwin & Friedman, 2006; Taylor et al., 2009; Turiano, Mroczek, & Spiro, 2010) . The similarities in the health and mortality profiles of cognitive ability and openness to experience are further reinforced by the fact that openness has a consistent, albeit modest, positive relation with cognitive ability (r ϭ ϳ.30; Schaie, Willis, & Caskie, 2004) . Moreover, cognitive ability and openness to experiences appear to share similar neurophysiology (DeYoung, Peterson, & Higgins, 2005) .
Given the importance of cognitive ability for health and mortality, a number of interventions have been designed to enrich cognitive functioning in older adults (Ackerman, Kanfer, & Calderwood, 2010; Stine-Morrow & Basak, 2011) . The same is not true of openness to experience, despite the similar life outcome correlates of this personality trait. To date, we know of no attempts to change levels of openness, nor any attempts to change personality, in a sample of older adults. Partly, this is because of the common assumption that personality traits do not meaningfully change in adulthood and especially in old age (McCrae & Costa, 2008) . Moreover, most theoretical models fail to conceptualize personality traits as developmental constructs that can be changed through experience or targeted intervention (for a review, see Roberts, 2009; Roberts & Jackson, 2008) . However, recent findings open the possibility that personality traits may respond to targeted interventions. For example, psychotherapy combined with selective serotonin reuptake inhibitors (SSRIs) results in changes in personality traits over a relatively short period of time compared with a control group (Tang et al., 2009) . Moreover, previous research has shown that cognitive interventions for disadvantaged children lead to personality changes that, in turn, result in numerous positive outcomes in adulthood (Heckman, Malofeeva, Pinto, & Savelyev, 2010) . Thus, it appears that personality traits are potentially malleable and that long-term changes in personality may be an unintended effect of interventions aimed at improving cognitive functioning.
The current study took advantage of a training intervention designed to improve cognitive functioning in old age to test whether the personality trait of openness would show concomitant changes as a result of the intervention. Even though the correlation between openness and cognition is often interpreted in terms of the experiential benefits of an open disposition for cognitive growth (Schaie et al., 2004; Salthouse & Soubelet, 2011) , some developmental models consider personality and intellectual resources as facets of a larger trait complex that mutually reinforce one another and shape engagement, which in turn shapes cognitive development (Ackerman & Heggestad, 1997; Beier & Ackerman, 2001) . Given that training interventions are often associated with gains on the intended cognitive ability (e.g., Ball et al., 2002; Willis et al., 2006) and that openness is thought to play a role in cognitive aging (Gregory, Nettelbeck, & Wilson, 2010; Sharp, Reynolds, Pedersen, & Gatz, 2010) , we hypothesized that an intervention aimed at improving cognitive functioning would change the personality trait of openness. We focused on the effects of an inductive reasoning intervention because reasoning is an ability that (a) has consistently shown relatively robust correlations with openness (Gregory et al., 2010; Schaie et al., 2004) and (b) has been shown to be highly malleable in response to training with long-term effects that show some evidence for transfer to perceived competence in everyday reasoning tasks .
Personality change has been conceptualized as a bottom-up process in which individuals gradually come to see themselves in a different light in part as a consequence of taking on new roles that require novel behaviors (Roberts, Wood & Caspi, 2008) . Observing ourselves in such situations and observing others' reactions as we engage the demands of a new context can shape our behavior and its meaning relative to how we perceive ourselves. We hypothesized that an inductive reasoning intervention that was highly adaptive to individual progress in skill development would provide a context in which individual might become more positively predisposed toward intellectual pursuits, and create a set of experiences which could open individuals to such novel experiences. This hypothesis draws from theories that link openness and cognitive ability through intellectual experience (Ackerman, 1996; Chamorro-Premuzic & Furnham, 2004; Gregory et al., 2010) . Thus, the current study examined whether an intervention aimed at increasing inductive reasoning skills would also promote gains in openness.
Method Participants
Participants included 183 older adults (64 men) from a Midwestern city, ranging in age from 60 to 94 years (M ϭ 72.9, SD ϭ 7.7 years). These individuals were volunteers from the Senior Odyssey project (Stine-Morrow et al., 2007; Stine-Morrow, Parisi, Morrow, & Park, 2008) , an ongoing community-based cognitive intervention. The majority of participants were White (94%) with the remaining 5% African American and 1% Hispanic. On average participants completed 15.5 years of education (SD ϭ 2.7), with 17.5% (N ϭ 32) completing only high school or less and 32% (N ϭ 59) completing work beyond a college degree. Participants were recruited from the community and local retirement communities through newspaper advertisements, flyers posted in local community centers and shops, direct mailings, notices in community church bulletins, and contacts from our existing participant pool. Recruitment materials indicated that Senior Odyssey was "a fun and engaging program studying ways to prevent mental decline including memory loss." To be enrolled, participants had to agree to random assignment to an intervention group or to a waitlist control. They were paid $50 to complete each of the pretest and posttest assessments and $20 for the interim assessments, but received no financial compensation for program activities.
A number of individuals (N ϭ 261) were contacted but were not pretested. These people were either no longer interested in participating in the study once they learned more about it (N ϭ 141), failed to meet eligibility criteria (N ϭ 93), or withdrew for other reasons such as medical problems that prohibited involvement (N ϭ 27). Eligibility requirements included fewer than 15 hr of scheduled work or volunteer activity per week so as to select participants not already substantively committed to a routine of activities that could engage cognition (Schooler, Mulatu, & Oates, 1999) . Participants were also excluded if they were not available for a significant portion of the study period (e.g., travel plans), if they had a stroke within the previous 3 years, if they were undergoing cancer treatment, or if the scored below 24 on the Minimental state examination (MMSE; Folsein, Folstein, & McHugh, 1975) .
Random assignment to treatment and control groups was done after the completion of pretesting. In the inductive reasoning intervention group, 85 participants started the program and 78 participants (92%) completed the posttest assessment. Of the 98 participants in the control group, 88 (89%) completed the posttest assessment. Participants who dropped out of the intervention program were invited back for posttest and included in the statistical analyses. This intent-to-treat approach is a conservative test of effects of treatment that takes into account imperfect program compliance (Lachin, 2000) . Of the 11 participants who dropped in the intervention group, 4 returned for posttesting. Excluding these individuals from analyses did not substantively change the results. 1
Procedure
A 16-week home-based intervention had two components: (a) an inductive reasoning training program developed by Margrett and Willis (2006) that had been adapted from the protocols used in the ACTIVE trials (Advanced Cognitive Training for Independent and Vital Elderly; Ball et al., 2002) , and (b) puzzles that relied in part on inductive reasoning (and also made the program more enjoyable). Both of these activities were adaptive as skill level changed, with the goal that participants would feel challenged but not overwhelmed (Payne, Jackson, Noh, & Stine-Morrow, in press) . At two points during the program, 1-hr instructional sessions in a classroom format were available for participants (a session detailing strategies for Sudoku and crosswords and a session that introduces participants to the home-based training program for reasoning). For the remaining weeks, participants in the intervention only came to the lab each week to turn in materials and pick up a new packet; these visits typically lasted 10 to 15 min. The 16 program weeks actually spanned 20 -22 weeks to accommodate weather cancellations and winter holidays.
Participants began the program 4 to 5 weeks after pretest, which included a large battery of cognitive and dispositional measures. The interval between pretest and posttest, 30 to 32 weeks, was equated for those in the intervention and the control (so posttest was typically completed 4 to 5 weeks after training was completed). In addition, two smaller assessments that included personality trait measures occurred during the intervention, one at week 6 (ϩ1) of the training program and again on week 12 (ϩ1). Personality assessments at pretest and posttest were completed at home and returned to the lab when participants came for their cognitive testing, while interim assessments were completed in the lab. Testers at posttest and the two interim assessments were blind to the condition to which the participant was assigned.
Participants were initially presented with crossword and Sudoku puzzles with a wide range of difficulty. 2 In subsequent weeks, puzzle sets were matched to each participant's skill level based on performance on the previous week. Over the course of the training program, participants were given increasingly difficult puzzle sets depending on their performance and self-perceived challenge with the previous set. As such, the difficulty of the puzzles was adapted to the participant, tailored in difficulty weekto-week as participants' skills changed.
The inductive reasoning intervention trained participants in recognizing novel patterns and using these patterns to solve problems. Early in the program, participants were given explicit training in how to use the home-based inductive reasoning materials in a single hour-long instructional session in a classroom format. After this initial session, participants were asked to complete the exercises at home. The reasoning materials included both basic series problems, in which participants explicitly solved problems that required inference from a serial pattern of words, letters, or numbers and everyday serial problems, such as completing a mail order form and answering questions about a bus schedule. The problems introduced in the reasoning training steadily increased in level of difficult across the study period, as participants were trained in recognizing more complex patterns. Reasoning packets were augmented with crossword and Sudoku puzzles and participants were asked to devote a minimum of 10 hr per week on program activities.
The adaptive nature of the training program and activities was intended to result in more active engagement in the tasks, and thus, a greater likelihood that participants would complete the training and puzzles. Indeed, compliance with the intervention was exceptional. Participants in the training intervention were asked to keep a daily log reporting the amount of time in half-hour increments that they spent on the training materials. They submitted these logs to laboratory personnel once a week across the 16 program weeks. Participants reported an average of 11.4 hr per week of program activities with participants missing on average of 1.5 weekly summary reports over the 16-week intervention. Participants who recorded 10 hr of program activity for that week were recognized on a bulletin board tally sheet and entered into a raffle for a prize (e.g., an umbrella or tote bag).
Measures
Personality Traits. The Big Five personality dimension of openness was measured using 48 items of the IPIP-AB5C openness measure (Goldberg, 1999) . These 48 items measure five facets of openness that assess the extent to which participants enjoy and seek out cognitively engaging activities, specifically: ingenuity (e.g., Am full of ideas), intellect (e.g., Enjoy thinking about things), quickness (e.g., Catch on to things quickly), creativity (e.g., Ask questions that nobody else does), and competence (e.g., Seek explanations of things). Participants rated the items on a five-point scale from strongly disagree (1) to strongly agree (5). Alpha reliabilities for each time point were all above .70 in the current sample. Correlations among the facets ranged from r ϭ .57 for Intellect and Competence to r ϭ .80 for Ingenuity and Quickness. 3 The four remaining Big Five personality traits (extraversion, agreeableness, conscientiousness, and neuroticism) were assessed using the BFI (John & Srivastava, 1999) at pretest and posttest. Alpha reliabilities for each trait were acceptable at each time point (all ␣s Ͼ .70).
Inductive Reasoning. Five instruments were used to assess inductive reasoning (␣ ϭ .90): letter sets, number sets, letter series, and word series tasks (Ekstrom et al., 1976) , as well as the everyday problem-solving task (Marsiske & Willis, 1995) . The first four measures from the Ekstrom et al. (1976) battery range in size from 15 to 30 problem sets. Collectively, these tests require participants to identify patterns in a series of items and either generate the next item in the series (letter series and word series), or decide which item did not adhere to the pattern (letter sets and number sets). Inductive reasoning was assessed at pre-and posttest. A standardized inductive reasoning composite was calculated from these five measures.
At pretest and posttest, participants also were assessed on measures of divergent thinking, processing speed, and verbal ability. Divergent thinking consisted of a composite of Word Association, Ornamentation, and Opposites tests (Ekstrom et al., 1976) , FAS (Benton & Hamsher, 1976) , and Alternate Uses test (Reese, Lee, Cohen, & Puckett, 2001) . Processing speed was measured through letter and pattern comparison tasks (Salthouse & Babcock, 1991) . Verbal ability was assessed with a measure of vocabulary performance from the ETS Advanced Vocabulary and Extended Range Vocabulary scales (Ekstrom et al., 1976) .
Analyses
Second-order latent growth models (LGM) were used to analyze the effect of training on openness to experience. Analyses were conducted in Mplus using Full Information Maximum Likelihood 2 We compiled a collection of crosswords and Sudukos from readily available books, with one to four puzzles per page. Puzzles ranged in difficulty from those designed for children (grade level 3-4) up to difficulty similar to that of the Sunday crossword in the New York Times. If needed, participants were provided explicit instruction in completing Sudoku. Other logic puzzles were also available if participants expressed either boredom or frustration with the crosswords and Sudukos.
3 Running analyses separately for each facet resulted in a similar pattern of change across all facets. As such, we collapsed the facets into a broad measure.
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(FIML) estimation. The FIML estimator in Mplus applies a modelbased approach to missing data, where model parameters are estimated using all available information. Thus, individuals who dropped out of the study or missed an assessment were used in estimating each model. The four measurements of openness were used to define two latent factors that describe change in openness: the latent intercept factor representing levels of openness posttreatment and the latent slope factor representing the amount of individual change across time. We chose to set the intercept parameter to indicate posttreatment scores to compare the means of each group after treatment. Fixing all loadings to unity identified the latent intercept factor, while the slope factor was set to Ϫ3 at T1, Ϫ2 at T2, Ϫ1 at T3, and 0 at T4. As such, the intercept parameter represents standing at posttreatment, whereas the slope factor represents the average amount of change in openness between time points.
As unreliability of the measured variables can distort estimates of change, we used second-order latent growth models, as opposed to a standard LGM. Second-order LGM assess the repeated measures latently, not as manifest variables, to control for measurement error. As these models analyze change at the latent level, rather than at the observed level, they offer the advantage of better distinguishing structural relationships from measurement error (Bollen & Curran, 2006) . To estimate these models, scores from each openness facet scale were used as indicators of the latent factors, given that scale scores tend to be more reliable and more normally distributed compared with single items, and are thus better at meeting the assumptions of maximum likelihood estimation for personality traits (e.g., Allemand et al., 2007) . Secondorder growth models require measurement equivalence of the latent factors across time points to make sure that the changes at the latent level correspond to actual changes in the construct. In preliminary analyses, the four waves of openness exhibited strict measurement equivalence. Thus, we constrained our models for strict measurement invariance across time by equating the factor loadings, item intercepts and residual variances to be equal across the four time points. Additionally, we allowed the residual variances for each indicator to correlate across the four time points.
Latent change score models (McArdle, 2009 ) and residualized change scores were used to assess cognitive abilities and personality measures that were only assessed at pre-and posttest. Latent change score models operate similarly to the latent growth models detailed above and can be interpreted as such. A latent intercept parameter is defined by fixing loadings to unity on pre-and postassessment points, whereas the slope parameter was defined by setting pretest to 0 and posttest to 1. Another method we used to examine changes was residualized change scores. A simple regression equation was created where group membership predicted posttest scores controlling for pretest scores.
Results
At pretest there were no differences between the treatment and control groups in age (M C ϭ 72.9, SD ϭ 7.43; M T ϭ 73.0 SD ϭ 1.75; t Ͻ 1), education (M C ϭ 15.7, SD ϭ 2.71, M T ϭ 15.4, SD ϭ 2.60; t Ͻ 1), openness to experience (M C ϭ 3.56, SD ϭ .60; M T ϭ 3.60, SD ϭ .57; t Ͻ 1), or on a composite measure of inductive reasoning skill (M C ϭ Ϫ.01, SD ϭ 1.01, M T ϭ .01, SD ϭ .99; t Ͻ 1). At pretest, openness and inductive reasoning were moderately associated with one another (r ϭ .23). Consistent with past re-search, the inductive reasoning training led to increases in inductive reasoning compared to the control group (b ϭ .29, SE ϭ .12, p Ͻ .05; d ϭ .44 ), suggesting that the intervention was effective (Payne et al., in press ).
Next, we examined whether openness changed in response to the intervention. To test this hypothesis, we first fit an unconditional second-orderlatent growth model to examine the trajectory of openness across the study period for each participant. The base model fit well, 2 (158) ϭ 225.10, CFI ϭ .97, RMSEA ϭ .05. On average, the entire sample (control and intervention groups combined) did not change in openness to experience across the study period (slope ϭ .07, se ϭ .05, p Ͼ .05). However, the existence of significant variance around the slope parameter suggests that people varied in the amount of change in openness across the study period.
We next tested whether this variance in slope was attributable to group differences in the posttest openness score by specifying a dummy variable where control group ϭ 0 and the training intervention group ϭ 1. In line with our hypothesis, group membership significantly predicted the intercept parameter (b ϭ .17, se ϭ .07, p Ͻ .05) such that posttest openness scores were higher for the training group than for the control group (M T ϭ 3.75, M C ϭ 3.52; SD pooled ϭ .54, d ϭ .39). To strengthen this claim and utilize our multiple assessments of openness to experience, we next examined whether group membership predicted the openness slope parameter. Consistent with the previous analysis, treatment condition predicted openness slope (b ϭ .11, se ϭ .04, r ϭ .47, p Ͻ .05). As seen in Figure 1 , the training group experienced significant increases in openness over the study period. Examining the latent means of openness across the four waves for the training group (3.60, 3.68, 3.74, 3.75) suggests that increases in openness occurred across each wave. Age was not a significant predictor of either posttest levels of openness to experience (r ϭ .03) or changes in openness to experience (r ϭ .04), suggesting that the intervention was effective in changing openness to experience across older adulthood.
Further tests suggested that the intervention was specific to openness and inductive reasoning, as no other cognitive abilities or personality traits changed in response to the intervention. Latent change score models for divergent thinking, processing speed, verbal ability, and the remaining Big Five traits (extraversion, agreeableness, conscientiousness, and neuroticism) all had nonsignificant variance around the slope parameter, suggesting that changes could not be attributable to the training intervention. To further explore this finding, a series of residualized change score models was also examined. For all models, we found no differences between the control and training group (all ␤ Ͻ .06, all t Ͻ 1), indicating that the effect of the intervention was primarily in inductive reasoning and openness, and no other cognitive abilities or personality traits. We next investigated whether or not changes in openness could be specifically localized to changes in inductive reasoning, given that changes in openness correlated with changes in inductive reasoning across all participants (r ϭ .31, p Ͻ .05). To test this, we examined whether changes in inductive reasoning mediated changes in openness. Changes in inductive reasoning did not mediate the effect of group on changes in openness, according to a Sobel test (z ϭ 1.47), suggesting that changes in openness were not dependent on changes in inductive reasoning. Indeed, after controlling for changes in inductive reasoning, group membership still significantly predicted posttest openness (b ϭ .19, se ϭ .09, p Ͻ .05) and openness change (b ϭ .09, se ϭ .04, p Ͻ .05), again suggesting that the increase in openness as a function of the engagement with cognitive training occurred independently of improvement in cognitive skill.
Discussion
The current study is the first to demonstrate that a cognitive training intervention has the capacity to change a personality trait. Moreover, our results suggest that change in openness to experience could not be attributed to change in cognitive ability per se. Put differently, the cognitive intervention had an effect above and beyond increasing inductive reasoning, suggesting that the intervention affects levels of openness, not that openness changes as a result of changes in inductive reasoning. The "use it or lose it" tag often attributed to studies such as these usually find changes only in the specific tasks trained for and normally do not generalize to cognitive functioning as a whole (e.g., Ackerman et al., 2010) . However, the current results suggest that "using it" also can lead people to view themselves as more open, an unintended effect of the training intervention that may have important ramifications. Although the current results cannot test whether changes in openness to experience relate to long-term cognitive functioning, there is evidence that sustained intellectual engagement-that may certainly be nurtured by greater levels of openness to experiencemay lead to long-term increases in intellectual functioning (Schooler & Mulatu, 2001; Schooler et al., 1999) .
While openness to experience is often thought to play a role in cognitive aging (e.g., Gregory et al., 2010; Sharp et al., 2010) , it is usually treated as a dispositional covariate or a predictor variable rather than a developmental or changeable construct; thus, it has never been studied longitudinally as an outcome in cognitive intervention studies. As openness to experience contributes to sustained engagement and enjoyment in intellectually stimulating mental activity (McCrae & Sutin, 2009 ), a dynamic process likely exists between cognitive functioning and openness. Given this relationship, the current study suggests that naturally occurring decreases in openness during older adulthood as found in longitudinal studies (e.g., Allemand et al., 2007) may lead to changes in cognitive functioning through decreased cognitive engagement.
Moreover, as openness to experience is linked to better health and decreased mortality risk (Goodwin & Friedman, 2007; Taylor et al., 2009; Turiano, Mroczek, & Spiro, under review) , these findings may have additional effects on the health of older adults. Given that past studies of inductive reasoning training are related to the ability to perform daily activities , the current findings suggest that health benefits attributable to cognitive training may also be because of changes in openness, rather than only resulting from changes in cognitive ability.
The finding that older adults changed their personality as a consequence of a relatively modest intervention has broad implications for our understanding of the plasticity of personality. Changes in openness to experience were found in older adults aged 60 to 94 -one of the most stable periods for personality (Roberts (Jackson et al., 2009; Roberts et al., 2006) , the strongest evidence for the malleability of personality traits ultimately comes from randomized experimental interventions, such as the current study. These findings suggest that meaningful changes in personality traits can occur relatively quickly, at least compared to passive longitudinal studies. Moreover, these changes were the result of an intervention that did not explicitly focus on changing one's thoughts about oneself, such as is the practice in psychotherapy studies (e.g., De Fruyt, Leeuwen, Bagby, Rolland, & Rouillon, 2006) or use the aid of pharmaceuticals (e.g., Tang et al., 2009) . Instead, the current findings are consistent with the contention that personality trait change can occur in a bottom-up fashion through prolonged changes in trait-relevant behavior (Roberts & Jackson, 2008; Roberts, Wood & Caspi, 2008) .
While this study used a unique design, some limitations must be considered. First, our study did not examine the mechanisms by which changes in openness occurred. With the addition of crossword and Sudoku puzzles to the intervention, it is difficult to tease apart whether the effect of the intervention was because of the inductive reasoning training, the puzzles, or both-or whether any cognitive activity at all that is adaptively scaled to skill level would have such effects. Additionally, engagement in cognitive activities likely plays a role in the relationship between openness and cognitive ability (Chamorro-Premuzic & Furnham, 2004) . Future research should examine whether the intervention leads to changes in participating in intellectual activities and if this mediates the changes found in openness. Second, future research should investigate the range of cognitive engagement that can lead to changes in personality traits (e.g., memory training, courses in substantive content domains).
Third, it is important to consider the possibility that demand characteristics may have played a role in self-assessments of personality. Certainly, participants in the intervention knew they were involved in cognitive training and the control participants knew they were not. However, multiple assessment points of openness were included to partly safeguard against such demand characteristics. If demand characteristics were responsible for changes in openness, these changes would be likely to occur by the second assessment point. Our data suggest that participants continued to increase in openness throughout the study period and even after the intervention ended, which is more consistent with authentic change than participant compliance with experimenter expectations. Nevertheless, future research that uses observer reports or identifies behaviors associated with openness would be beneficial in ruling out such concerns.
Finally, our participants were older adults and were not actively employed or volunteering, so that our study targeted individuals who may have a relatively impoverished repertoire of existing activities when they were recruited. Any consideration of how to generalize these findings should take into account this baseline.
In conclusion, the current study is the first to find that cognitive training in later adulthood changes the personality trait of openness. As a result, this study provides a possible intervention that may change the personality trait of openness, which may have a cascade of benefits given the relationship between openness and health. Accordingly, increases in openness may have a profound effect in the daily lives of participants, as they came away from training with a greater enjoyment for cognitive pursuits and desire to experience new activities.
